Summary: The amino acid pattern in the ascites of 79 dogs was examined. The concentration of glutamine in neoplastic ascites is significantly lower than in cardial effusions. In contrast, glutamate is significantly higher in neoplastic ascites than in cardial ascites. Using an arbitrary discrimination value of 0.28 for the glutamate/glutamine ratio, purulent or cardial ascites are easily differentiated, with a sensitivity of 100% and a specificity of 94%. The differentiation is very distinct, with no overlap between the group of patients with liver cirrhosis on the one hand and the groups of patients with purulent peritonitis, heart failure, or malignant ascites on the other hand. There was no diagnostically usable correlation between the concentrations of the other 20 amino acids and the underlying causes of ascites formation.
Introduction
The examination of body effusions contributes to the aetiological diagnosis of diseases. In a search for quantities that differentiate neoplastic, hepatogenic, cardial and infected ascites, we measured 22 amino acids in the body effusions of dogs. Decades ago, amino acids were measured in body effusions with semiquantitative methods (1, 2) . Paper partition chromatography does not allow determination of the absolute concentration of amino acids; the intensity of the ninhydrin colour reaction has been graded from one to ten against an arbitrary colour standard (1) . Ion exchange methods did not separate glutamine from seriiie (2) . In the present study, body fluids were examined with the modern quantitative method of HPLC. The measurement of amino acids in etiologically different ascitic fluids of animals with exact quantitative methods has not been published before.
Materials and Methods
The ascitic fluids of 79 dogs were analysed. Cardial ascites was found in 32, neoplastic ascites in 13, ascites caused by a ruptured haemangioendothelioma in 14, purulent ascites in nine, ascites caused by enteral hypoproteinaemia in five, ascites caused by renal hypoproteinaemia in four and cirrhotic ascites in two cases. The causes of these effusions were diagnosed by necropsy or by an extended clinical control of the patients. The ascitic fluid was obtained by abdominal paracentesis under sonographic guide and centrifuged at I510g for 10 minutes. The supernatant was stored at -18 °C until high performance liquid chromatography (HPLC) was performed (3). The recovery rate of standard amino acids (Sigma Chemie, Germany) added to the samples before work-up was > 95%. No decreases of amino acid concentrations were observed in the ascitic fluids after two months of storage. Twenty two amino acids were measured (tab. 1). In the statistical examination the Mann-Whitney-Utest was used; a p-value lower than 0.01 was considered significant. Table 1 shows the results for the analysis of samples from the patients with heart failure, abdominal neoplasia, ruptured haemangioendothelioma with abdominal bleeding, purulent peritonitis, enteral and renal hypoproteinaemia and liver cirrhosis. The mean values of 22 amino acids and the total numbers of the patients are shown for the different diseases. The glutamine concentration of 389.97 ± 147,75 μιηοΐ/ΐ in an ascitic effusion caused by heart failure (tab. 2) is nearly twice as high as the glutamine concentration Tab. 1. Amino acid concentration (μηιοί/) in ascites of dogs suffering from cardiac insufficiency, neoplasia, ruptured haemangioendothelioma, purulent peritonitis, enteral hypoproteinaemia, renal hypoproteinaemia or liver cirrhosis. In addition, amino acid concentration in plasma (5) of healthy dogs is given (n. d. = not done). fig. 1) . The difference between the glu/gln ratio of purulent, cardial or malignant ascites and that of cirrhotic ascites is much more obvious. There is no overlap between the group of cirrhotic ascites and the group including purulent, cardial and malignant ascites.
Results
The sum of the mean values of glutamine and glutamate is lower in the groups with malignancy and renal or enteral hypoproteinaemia (tab. 2) than in the other groups. The mean concentrations of the amino acids are less in dogs suffering from enteral hypoproteinaemia than in patients with renal hypoproteinaemia. In the two cases with liver cirrhosis the glutamine concentration is relatively high and the glutamate concentration is low.
Discussion
Glutamine is the amino acid witfii the highest concentration in plasma. It is the major nutriment for most cells including tumour cells (4) and it serves as a transport form for ammonia. The reference values for A certain relationship between the glutamine concentration of the ascitic fluid and the glutamine of the plasma might be expected, so that a decrease of the plasma concentration may lead to a decrease of the ascitic concentration. Plasma glutamine is known to be markedly decreased in catabolic diseases (7) . Thus, in catabolic diseases with body effusions, the glutamine concentration may also be decreased in the ascitic fluid. Glutamine and glutamate are easily interconverted, so the sum of both amino acids was also considered. In malignancy and in renal or enteral hypoproteinaemia, the sum of glutamine and glutamate in the ascites is lower than in cardial or purulent ascites. This may be due to enforced catabolism in malignancy and protein loss in renal and enteral hypoproteinaemia. In cardial and cirrhotic ascites the glutamine concentration is clearly higher than in malignant or purulent ascites (tab. 2). The glutamate concentration is inversely related to that of glutamine. The glutamate concentration is higher in malignant and purulent effusions and lower in cardial and cirrhotic effusions. This may be due to incomplete deamidation of glutamine to glutamate as a result of hypoxia (8) , and the secretion of glutamate by tumour cells (8, 9) . Glutamine can also be converted into glutamate by macrophages and fibroblasts (10) . The glutamate concentration in the effusion is low in cardial effusions (46.21 ± 51.52 μπιοΐ/ΐ), higher in malignant effusions (112 ± 122.05 μπιοΐ/ΐ) and markedly higher in purulent ascites (275.08 ± 291.28 μηιοΐ/ΐ). This increase of glutamate concentrations is paralleled by the increase of lactate dehydrogenase activity in abdominal effusions in the same diseases (11) . Plasma and the most forms of body effusions contain more glutamine than glutamate. One exception is the purulent ascites ( fig. 1 ). This may be explained by the fact that the purulent ascites contains an enormous number of cells, mostly neutrophilic granulocytes. This ascitic medium is hypoxic, and the oxygenation of the abdominal effusion only takes place at the serous membranes. Glutamine is incompletely deamidated to glutamate. Therefore, the mean value of the glu/gln ratio is greater than one only in purulent ascites ( fig. 1) . The glu/gln ratio seems to be a quantity which significantly discriminates cardial from infectious ascites. There is only a small overlap between samples from patients with cardial effusions and patients with pu-rulent abdominal effusions, as can be seen from figure 1. Fixing empirically a discrimination value of 0.28 for the glu/gln ratio, all patients with purulent ascites have a glu/gln ratio above 0.28 and 30 cases of the 32 cases with heart failure have a ratio below 0.28. The sensitivity of the glu/gln ratio for distinguishing between cardial and purulent ascites is 100% and the specificity is 94%. The predictive value of a positive result for diagnosis of an infectious effusion is 82%. The predictive value of a negative result for ruling out an infectious effusion is 100%.
Unfortunately the group of cirrhotic ascites contains only two dogs. Compared with humans, liver cirrhosis is relatively uncommon in companion animals. A larger group of patients suffering from liver cirrhosis is required to test whether the glutamate concentration and the glu/gln ratio are acceptable quantities for differentiating cirrhotic ascites from other causes. It is expected that an increase of the glu/gln ratio in the ascites of a patient suffering from liver cirrhosis would indicate an infection of the ascitic fluid. The possible value of an increased glu/gln ratio as an early marker of the dangerous spontaneous bacterial peritonitis should be investigated. Spontaneous bacterial peritonitis is a spontaneous infection of preexisting chronic ascites. The microbiological evaluation of the abdominal fluid is the most important test for this condition, but culturing of bacteria always lasts some days and produces many false negative results. Clinicians are therefore investigating values, such as nucleated cell count, lactate dehydrogenase activity, fluid pH and total protein as early indicators of an infection of body fluids (12) . For this reason the glu/gln ratio would have a special importance in human medicine.
Of the 22 amino acids tested, only glutamine and glutamate seem to be of interest for the laboratory examination of body effusions. There was no correlation between the concentration of any of the other 20 amino acids in the abdominal effusion and the underlying cause of ascites formation.
